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Objectives: Is a magnetic resonance imaging (MRI) deﬁnition for tibiofemoral osteoarthritis [(TFOAMRI)
(deﬁnite osteophyte and full-thickness cartilage loss (or a combination of these factors with other MRI
osteoarthritis (OA) features)] more sensitive to detect structural OA compared with the Kellgren &
Lawrence (K&L) grading? And which deﬁnition shows the strongest association with (1) knee pain at
baseline, (2) persistent knee pain during 2-year follow-up, (3) new onset of knee pain 2 years later, and
(4) body mass index (BMI).
Design: Of 888 females of the open population Rotterdam Study, radiographs and MRI of both knees
were assessed for knee OA deﬁned by K&L  2 and TFOAMRI. Pain in or around the knee is measured at
baseline and 2 years later. GEE analyses are used for the associations.
Results: Of 1766 knees, 77 knees (4%) were diagnosed with K&L  2, whereas 160 knees (9%) met the
TFOAMRI criteria. Only 43 knees met both deﬁnitions (34 knees were graded with K&L  2 and no
TFOAMRI and 117 knees met only the TFOAMRI criteria). The association between the deﬁnitions and knee
pain at baseline was higher when TFOAMRI was included [TFOAMRI alone: odds ratio (OR) ¼ 2.83 (95%
conﬁdence interval (CI): 1.84e4.36); TFOAMRI & K&L  2: OR ¼ 6.28 (95% CI: 2.99e13.19)] than for
K&L  2 alone (OR ¼ 1.83 (95% CI: 0.63e5.32)). This was similar for the association between the deﬁ-
nitions and persistent knee pain, and between the deﬁnitions and BMI.
Conclusions: TFOAMRI detects more cases of knee OA than K&L  2. Together with a better content val-
idity and at least equal construct validity, we conclude that the TFOAMRI deﬁnition for knee OA is more
sensitive in detecting structural knee OA.
 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.: D. Schiphof, Erasmus MC,
ox 2040, 3000 CA Rotterdam,
4766.
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Knee osteoarthritis (OA) is mostly deﬁned by clinical criteria and
radiography with the Kellgren and Lawrence (K&L) classiﬁcation
criteria1, although magnetic resonance imaging (MRI) is increas-
ingly used. Several MRI follow-up studies in high-risk populations
for knee OA are ongoing, e.g., the incidence cohort of the Osteoar-
thritis Initiative (OAI)2, the Prevention of knee Osteoarthritis in
Overweight Females (PROOF) study3, and the present study: a
subpopulation of the Rotterdam Study4. These studies all address
the deﬁnition of early predictive features of knee OA using MRI, butublished by Elsevier Ltd. All rights reserved.
Fig. 1. Flowchart of the inclusion of the study population.
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required ﬁrst. In 2011 an MRI deﬁnition of structural knee OA was
proposed by an expert group using a Delphi exercise5. Compared to
radiography, more knee tissues are visible on MRI6. Consequently,
this MRI deﬁnition of OA contains more features than the radio-
graphic K&L deﬁnition, suggesting that it may be more sensitive to
detect knee OA at an earlier stage, or that it may provide a more
valid deﬁnition than radiography. The MRI deﬁnition needs further
evaluation, especially in persons with early signs of knee OA or at
high risk for developing knee OA.
The construct validity of a deﬁnition can be determined by the
strength of associations between the deﬁnition and factors that are
known to be related to OA symptoms (such as knee pain), or risk
factors (such as body weight)7. How the MRI deﬁnition for knee OAis related to knee pain is yet unknown, but we expect this associ-
ation to be stronger than the association between K&L and pain,
because more features are included in the MRI deﬁnition that have
been reported to relate to pain, such as bonemarrow lesions (BMLs)
in particular8. Persistent knee pain is important for the clinical
diagnosis of knee OA9, but it may be correlated with later disease
stage. Although many features of OA can be detected in totally
asymptomatic persons10, the combination of these features (the
MRI deﬁnition) might detect knee OA at an earlier stage than the
K&L criteria, and if so the MRI deﬁnition may correlate better with
new onset of knee pain.
Therefore, the present study examines whether the MRI deﬁ-
nition for knee OA in an open-population cohort of middle-aged
women is more sensitive in detecting structural knee OA
D. Schiphof et al. / Osteoarthritis and Cartilage 22 (2014) 440e446442compared to the radiographic K&L criteria. In addition, we assessed
construct validity by assessing the association between the knee OA
deﬁnitions and (1) knee pain at baseline, (2) persistent knee pain
during the 2-year follow-up period, (3) new onset of knee pain 2
years later, and (4) body mass index (BMI).
Method
Population
The study population was a sample of the Rotterdam Study, a
population-based study in the Netherlands that investigates prev-
alence, incidence and risk factors for various chronic disabling
diseases among persons aged 55 years4. The Medical Ethics
Committee of Erasmus University Medical Center approved the
study and all participants provided written consent.
In 2006 all subjects aged 45 years not yet included in the
original study, were invited to participate (RS-III-1). Of this most
recently included population that all underwent radiographic ex-
amination of both knees, we invited the ﬁrst 1116 women aged 45e
60 years to participate in a sub-study investigating early signs of
knee OA (see Fig. 1: Flowchart of the inclusion of the study popu-
lation). Women who agreed to participate underwent additional
MRI (after screening for MRI contra-indications), physical exami-
nation of both knees and completed a knee-speciﬁc questionnaire.
After 2 years the same knee-speciﬁc questions were asked again
by a mailed questionnaire. Extensive follow-up examination with
radiography, MRI, physical examination and questionnaires is
planned for every 5 years.
Radiography
Weight-bearing anteroposterior radiographs of both knees in
full extension were taken (70 kV, focus 1.8 mm2, focus-to-ﬁlm
distance 120 cm) and scored using the K&L grading system1 by
two extensively trained researchers, who were blinded for clinical
and MRI data. The two researchers were trained by an experienced
musculoskeletal radiologist and a researcher who did have 6 years
of experience in reading radiographs. The inter-rater agreement for
the K&L score was 95% with a weighted kappa of 0.6211. Radio-
graphic OA was deﬁned as grade 2 or higher according to the K&L
criteria; grade 2: deﬁnite osteophyte(s) and possible joint space
narrowing.
MRI acquisition
We performed a multi-sequence MRI protocol on a 1.5-T MRI
scanner (Signa Excite 2, General Electric Healthcare, Milwaukee,
Wisconsin, USA).We used an eight-channel cardiac coil, so that two
knees could be scanned in one session without repositioning.
The protocol consisted of a sagittal fast spin echo (FSE) proton
density and T2 weighted sequence (TR/TE 4900/11/90,slice thick-
ness 3.2 mm), sagittal FSE T2 weighted sequence with fat sup-
pression (TR/TE 6800/80,slice thickness 3.2 mm), sagittal spoiled
gradient echo sequence with fat suppression (TR/TE 20.9/2.3, ﬂip
angle 35, slice thickness 3.2 (1.6) mm) and a fast-imaging
employing steady-state acquisition (FIESTA) sequence (TR/TE 5.7/Table I
Inter-observer reliability of MRI-lesions
Femur PABAK (95% CI)
[kappa (95% CI)]
Tibia
[kapp
Cartilage lesions 0.48 (0.24e0.72) [0.29 (0.05e0.53)] 0.93 (
Osteophytes 0.73 (0.21e1.0) [0.26 (0.26 to 0.78)] 0.93 (
BMLs/cysts 0.47 (0.15e0.78) [0.44 (0.12e0.75)] 0.93 (1.7, ﬂip angle 35, slice thickness 1.6 mm). This FIESTA sequence was
acquired in the sagittal plane, and reformatted in coronal and
transversal plane. Total scanning time was 27 min for two knees.
MRI interpretation
An extensively trained researcher scored all MRIs with a semi-
quantitative comprehensive scoring system described in detail
elsewhere12. The researcher, a human movement scientist with
extensive training in anatomy, is trained by a highly experienced
musculoskeletal radiologist with 35 years of experience. In addition
she had a training at the institute where the used semi-quantitative
scoring system, the Knee Osteoarthritis Scoring System (KOSS), is
developed. An experienced musculoskeletal radiologist (5 years of
experience) scored a random sample of 30 knees to determine the
inter-observer reliability. Both readers were blinded for clinical and
radiographic data. Cartilage lesions, osteophytes, BMLs, and sub-
chondral cysts were scored at nine locations: crista patellae, medial
and lateral patellar facet, medial and lateral trochlear facet (anterior
femur), medial and lateral femoral condyle, and medial and lateral
tibial plateau. For details of the grading see Kornaat et al. Ref. 12. For
the present study we only focus on the tibiofemoral joint and
therefore left out the patella and medial and lateral trochlear facet
(anterior femur).
Cartilage lesions, assessed on the proton density and FIESTA
sequences, were graded as diffuse or focal. The depth of cartilage
lesions was graded as full thickness with grade 3: full-thickness or
near-full-thickness cartilage defect. Partial-thickness cartilage loss
was deﬁned by grade 1 (less than 50% reduction of cartilage
thickness) or grade 2 (50% or greater reduction of cartilage
thickness).
Osteophytes assessed on the proton density and FIESTA se-
quences, were classiﬁed as deﬁnite when graded 2 (moderate) or 3
(severe). BMLs and cysts assessed on the T2 weighted sequence
with fat suppression, were present when scored as grade 1 or
higher. Meniscal lesions (degeneration and horizontal tears)
assessed on the proton density weighted images, were deﬁned
present with a score 1 or higher.
Inter-observer reliability was calculated with kappa statistic as
well as the prevalence adjusted bias adjusted kappa (PABAK). The
PABAK allows for the prevalence of a ﬁnding and the bias of the
observers for that ﬁnding and provides therefore a more realistic
estimate for agreement than the kappa, if the prevalence of the
features is low. The PABAK is calculated as 2p01, where p0 is the
observed proportion of agreement13. For the interpretation of
PABAKwe used the same cut-offs as for kappa14. The inter-observer
reliability was moderate to nearly perfect with the PABAK (Table I).
For meniscal degeneration the PABAK was 0.47 (k ¼ 0.47) and for
meniscal horizontal tear the PABAK was 0.87 (k ¼ 0.0).
MRI deﬁnition
The MRI deﬁnition for tibiofemoral OA (TFOAMRI) was deﬁned as
the presence of a deﬁnite osteophyte and full-thickness cartilage
loss, or as a deﬁnite osteophyte or full-thickness cartilage loss plus
two of the following features: (1) subchondral BML or cyst not
associated with meniscal or ligamentous attachments, (2) meniscalPABAK (95% CI)
a (95% CI)]
Patella PABAK (95% CI)
[kappa (95% CI)]
0.26e1.0) [0.66 (0.02 to 1.0)] 0.87 (0.64e1.0) [0.84 (0.6e1)]
0.3e1.0) [0.65 (0.02e1.0)] 0.60 (0.50e0.70) [0.1 (0.2 to 0.0)]
0.63e1.0) [0.64 (0.53e1.0)] 0.60 (0.25e0.95) [0.49 (0.14e0.84)]
Table II
Distribution of K&L grades and TFOAMRI
No TFOAMRI
(n ¼ 1606 (90.9%))
TFOAMRI
(n ¼ 160 (9.1%))
K&L grade 0 (n ¼ 1424 (80.6%)) 1346 78
K&L grade 1 (n ¼ 265 (15.0)) 226 39
K&L grade 2 (n ¼ 66 (3.7)) 33 33
K&L grade 3 (n ¼ 10 (0.5)) 1 9
K&L grade 4 (n ¼ 1 (0.1)) 0 1
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tear), (3) partial-thickness cartilage loss, or (4) bone attrition5.
‘Meniscal subluxation, maceration or degeneration (including a
horizontal tear)’ was considered present if meniscal degeneration
or a horizontal tear was present. We did not score meniscal sub-
luxation and bone attrition.
Clinical symptoms
Baseline knee pain measurements were determined during a
telephone interview. Current knee pain was present if there was a
positive answer to the question: “Do you have pain in or around the
knee?”. Knee pain in the last year was deﬁned as having pain in or
around the knee during the last 12 months. In addition, if the
participants indicated knee pain in the last year, we asked if they
had pain in or around the knee on most days of the last month. All
answers were recorded speciﬁcally for each knee [answer possi-
bilities were: (1) no, (2) yes, in the right knee, (3) yes, in the left
knee or (4) yes, in both knees].
At follow-up the same questions were asked by mailed ques-
tionnaires. New onset knee painwas deﬁned as knee pain at follow-
up while not having current knee pain or knee pain in the last year
at baseline measurement. Persistent knee painwas deﬁned as knee
pain at baseline, and at follow-up. For persistent knee pain, pain at
follow-up needed to occur for 4 days a week or for most days of
the last month, or be severe enough to consult a physician.
Statistical analysis
Population characteristics were analysed with descriptive
analysis. We analysed the overlap and discrepancies between the
TFOAMRI and radiographic OA deﬁnition (K&L  2).
To compare the construct validity of the deﬁnitions analysed
separately (K&L 1, K&L 2, TFOAMRI) and combined (K&L 2 and/
or TFOAMRI) as categorical variable (reference ¼ No K&L  2 and no
TFOAMRI, 1 ¼ K&L  2 but no TFOAMRI, 2 ¼ No K&L  2, but present
TFOAMRI, 3 ¼ both K&L  2 and TFOAMRI present), the association
between the deﬁnitions and knee pain was assessed with logistic
General Estimating Equations (GEE) analysis adjusted for age and
BMI. GEE accounts for correlations between the right and left knee
of one person. The different knee pain variables were the depen-
dent outcome and the deﬁnitions were the independent variables
or covariates. The odds ratio (OR) represents the odds that the knee
pain will be present in the knees scored with OA (with the speciﬁc
deﬁnitions of OA: K&L  1 or K&L  2,or TFOAMRI or combined
(K&L  2 and/or TFOAMRI) as categorical variable), compared to the
odds of knee pain in knees without OA.
To assess which deﬁnition best predicts new onset of knee pain
at follow-up we used logistic GEE analysis in the knees that did not
have pain at baseline, excluding those that had knee pain at
baseline. The OR represents the odds that new onset of knee pain at
follow-up will be present in the knee that was scored with OA at
baseline, compared to the odds of new onset of knee pain in knees
without OA. To assess which deﬁnition best associates with
persistent knee pain at follow-up, we again used multivariate lo-
gistic GEE analysis, excluding those who did not have knee pain at
baseline. The OR represents the odds that the knee pain was
persistent at follow-up in the knee that was scored with OA at
baseline compared to the odds that the persistent knee pain would
occur in knees without OA at baseline.
To assess the association between the deﬁnitions and BMI we
used multivariate logistic GEE analysis with BMI categorized into
three groups normal (<25 kg/m2), overweight (25 kg/
m2  BMI > 30 kg/m2), and obesity (BMI  30 kg/m2) and adjusted
for age. In this analysis the OR represents the odds that OA will bescored in the knee when the person is overweight or obese,
compared to the odds that the knee will score with OA (with one of
the deﬁnitions) when the person has a normal weight. All the an-
alyses used in this study are at knee level. The participants located
the pain separately for the right and the left knee. Both knees were
assessed on MRI and radiographs. Therefore we could analyse the
associations at knee level. OR will be given for each association,
with a 95% conﬁdence interval (95% CI). A P-value of less than .05
was considered signiﬁcant. All analyses were performed with IBM
SPSS version 20.Results
Of the 1116 women, 225 were not included. Main reasons for
exclusion were no time or interest (51.1%) and fear of MRI (24.4%).
Other reasons (24.5%) were sickness, moving out of the region,
language difﬁculties and unattainability. 16 knees were excluded
from the analysis due to insufﬁcient radiographic (n ¼ 4) or MRI
(n ¼ 5) quality, knee replacement (n ¼ 3) or not complete de-
mographic data (n ¼ 4). Fig. 1 shows the ﬂowchart of the inclusion
of the study population. Thus, 1766 knees of 888 women were
analysed. Mean age was 55.0 years (standard deviation (sd) ¼ 3.7)
and mean BMI was 27.0 kg/m2 (sd ¼ 4.8). Of the 1766 knees 77
knees (4.4%) were diagnosed with knee OA according to the K&L
criteria (K&L  2); 160 knees (9.1%) met the TFOAMRI criteria.
The follow-up questionnaires were completed and returned by
795 women (89.2%). Mean follow-up time was 2 years (2.08 years,
sd ¼ 0.1). At baseline, 492 (28.1%) knees were painful. Of the 1576
knees assessed at follow-up, slightly more knees were painful (569
knees (36.1%)) than at baseline; 290 knees (18.4%) were classiﬁed as
having ‘new knee pain’, and 163 knees (9.7%) were classiﬁed as
having persistent knee pain.
Table II presents the frequencies and cross-tabulation of the
radiographic K&L grades and TFOAMRI deﬁnition per knee. Only one
kneewas scored as K&L grade 4 and was pooled with the K&L grade
3 knees for further analyses. Of the 160 knees that were diagnosed
with TFOAMRI, 117 were not classiﬁed as K&L  2 radiographically.
78 of these were not even classiﬁed as possible OA (K&L ¼ 1) on
radiography. Conversely, 77 knees (4%) had radiographic K&L 2, of
which 34 did not fulﬁl the TF diagnosis of OA on MRI (see Fig. 2). Of
these 34 knees, none had full-thickness cartilage lesions on MRI, 12
had partial-thickness cartilage lesions, 11 knees had deﬁnite
osteophyte formation. Only four knees had a combination of par-
tial-thickness cartilage lesions and deﬁnite osteophyte formation,
but no other features. Thirteen of these 34 knees were graded with
possible or small osteophyte formation and in nine knees no
osteophyte formation was seen on MRI. On radiograph these 34
knees had deﬁnite osteophyte formation, but less deﬁnite joint
space narrowing. It is possible that these knees have no cartilage
lesions.
The association between the deﬁnitions of knee OA and knee
pain at baseline are presented in Table III. All deﬁnitions were
signiﬁcantly associated with current knee pain, where TFOAMRI had
the highest OR (OR: 3.29 (95% CI: 2.23e4.86)). Strong associations
Fig. 2. Overlap of the deﬁnitions (diagonal stripes overlap) and knee pain on most days
of the last months (grey). White: 1766 knees; diagonal stripes from top left to lower
right: 160 knees with TFOAMRI; diagonal stripes from lower left to top right: 77 knees
with K&L  2; grey: 110 knees with pain on most days of the last month.
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3.74 (95% CI: 1.79e7.82)) and TFOAMRI (OR: 4.46 (95% CI: 2.81e
7.08)). The associations between the combined deﬁnitions and
knee pain were all statistically signiﬁcant when TFOAMRI was
included, while knees with only K&L  2 and no TFOAMRI were not
signiﬁcantly associated with any knee pain.
None of the deﬁnitions signiﬁcantly predicted new knee pain at
follow-up except for the combined deﬁnition K&L  2 and no
TFOAMRI, while the association with persistent knee pain was sta-
tistically signiﬁcant for all deﬁnitions except K&L  1 (Table IV).
Addition of the MRI information increased the statistical signiﬁ-
cance of the association between the combined deﬁnitions and
persistent knee pain with TFOAMRI (OR: 3.04 (95% CI: 1.86e4.98))
alone and TFOAMRI combined with K&L  2 (OR: 7.29 (95% CI: 3.15e
16.87)). All deﬁnitions were signiﬁcantly associated with obesity
(Table V).
Discussion
The results of the present study in an open-population cohort of
middle-aged women show that more subjects with structural OA
were identiﬁed with TFOAMRI than with K&L. Overall, the associa-
tions between knee pain at baseline and the TFOAMRI deﬁnition
alone were higher than the associations between knee pain at
baseline and K&L  2 alone. The associations with knee pain at
baseline and persistent knee pain were higher for the combined
deﬁnitions which include TFOAMRI than for the deﬁnition of
K&L  2 alone. Both K&L  2 and TFOAMRI associated with obesity.
Therefore the construct validity of the MRI deﬁnition is at least
equal to the construct validity of the K&L deﬁnition. In addition, the
content validity (the extent to which the elements are relevant and
representative for the construct they describe) of theMRI deﬁnitionTable III
Associations (OR (95% CI)) between deﬁnitions of knee OA and baseline knee pain
Deﬁnitions of knee OA Current knee pain
(n ¼ 246 (13.9%))
K&L  1 (n ¼ 342) 1.84 (1.30e2.59)
K&L  2 (n ¼ 77) 2.86 (1.56e5.24)
TFOAMRI (n ¼ 160) 3.29 (2.23e4.86)
Combined deﬁnitions*
K&L  2 and no TFOAMRI (n ¼ 34) 1.83 (0.63e5.32)
No K&L  2 and TFOAMRI (n ¼ 117) 2.83 (1.84e4.36)
K&L  2 and TFOAMRI (n ¼ 43) 6.28 (2.99e13.19)
All ORs are adjusted for age and body mass index; ﬁgures in bold are signiﬁcant with a P-
no TFOAMRI (n ¼ 1572).is better than the content validity of the K&L deﬁnition, because
more structures of OA are involved.
The MRI deﬁnition was tested in the progression subcohort of
the OAI2, in which 84% was classiﬁed with radiographic OA
(K&L  2). In our population, only 4.4% had K&L  2, representing a
general population albeit restricted to females. More knee OA cases
were identiﬁed with TFOAMRI. The knees identiﬁed with both
K&L  2 and TFOAMRI were probably those with more severe OA.
The knees identiﬁed with only the TFOAMRI deﬁnition might be
knees with early OA, and the 34 knees with K&L 2 and noTFOAMRI
might partly be knees without true knee OA (or false positives). This
latter statement is strengthened by the absent or lower association
of the knees with only K&L  2 with knee pain, although this may
also be due to a power problem.
A wide variation in prevalence of knee pain, evenwith the same
question is found in different studies15. We used different deﬁni-
tions for knee pain in the present study: current knee pain, pain the
last year and pain on most days of the last month in the last year.
Questions like these to deﬁne knee pain are frequently used in OA
research15. The WOMAC pain scale is a validated pain measure for
severity of pain, but we did not have site-speciﬁc (left/right)
WOMAC pain scores. We used site-speciﬁc knee pain questions as
well as site-speciﬁc imaging deﬁnition for knee OA. Therefore we
think that analyses at knee level are the most precise and appro-
priate analyses to assess the association between the presence of
knee pain and the deﬁnitions for knee OA.
To our knowledge, this is the ﬁrst study to apply the MRI deﬁ-
nition for knee OA in a population at risk for knee OA. This chosen
population is a strength of the study, because it allowed us to
evaluate if the MRI deﬁnition is more sensitive to detect structural
OA in an open population at risk for knee OA.
The present study has some limitations. First, we did not assess
meniscal subluxation and bone attrition, both of which might in-
ﬂuence the results. More people might have been identiﬁed with
knee OA if we had assessed these latter features. Little is known
about meniscal subluxation in an early stage of knee OA, and
conﬂicting evidence is found for the association between meniscal
subluxation and pain8. However, in those with symptomatic knee
OA, meniscal subluxation is a risk factor for cartilage loss and joint
space narrowing16,17. Bone attrition is traditionally seen with more
progressive OA, although on MRI bone attrition is also seen in the
pre-radiographic OA stage10,18. If more knees are diagnosed with
TFOAMRI in the presence of these features, this will strengthen the
suggestion that TFOAMRI is more sensitive than the K&L criteria. The
ongoing 5-year follow-up of this group of women might lead to a
more deﬁnite conclusion.
Secondly, we used full extension radiographs. Semi-ﬂexed knees
are preferred over extended knees to evaluate structural severity on
radiographs, especially for joint space width19. Though, the K&L
criteria are developed in extended knees, and we could not changeKnee pain in the last year
(n ¼ 457 (26.1%))
Knee pain on most days
of the last month (n ¼ 110 (6.3%))
1.47 (1.11e1.95) 1.59 (1.01e2.49)
3.09 (1.85e5.16) 3.74 (1.79e7.82)
2.95 (2.07e4.18) 4.46 (2.81e7.08)
1.97 (0.94e4.12) 3.18 (0.76e13.36)
2.46 (1.68e3.60) 4.11 (2.43e6.96)
6.66 (3.07e14.44) 8.08 (3.83e17.04)
value0.001; ﬁgures in bold italic have a P-value<0.05 * reference: No K&L  2 and
Table IV
Associations (OR (95% CI)) between the deﬁnitions of knee OA and new onset knee pain at follow-up in knees without pain at baseline (n¼ 290 of 1576 knees (18.4%)) and with
persistent knee pain at follow-up in those with knee pain at baseline (n ¼ 163 of 1576 knees (9.7%))
Deﬁnitions of knee OA New onset of knee pain (1576 knees) Persistent knee pain
(n ¼ 163 (9.7%))
Current knee pain
(n ¼ 138 (9.7%))
Knee pain in the last year
(n ¼ 283 (21.7%))
Knee pain on most days of the
last month (n ¼ 102 (7.0%))
K&L  1 (n ¼ 310) 1.22 (0.80e1.86) 1.04 (0.74e1.44) 1.16 (0.76e1.78) 1.43 (0.95e2.15)
K&L  2 (n ¼ 67) 1.57 (0.67e3.64) 1.25 (0.65e2.41) 1.56 (0.78e3.10) 4.13 (2.25e7.58)
TFOAMRI (n ¼ 153) 0.85 (0.46e1.59) 1.19 (0.75e1.87) 0.82 (0.47e1.42) 3.41 (2.16e5.36)
Combined deﬁnitions*
K&L  2 and no TFOAMRI (n ¼ 29) 2.56 (1.09e6.06) 1.43 (0.72e2.85) 1.62 (0.67e3.90) 3.74 (1.46e9.54)
No K&L  2 and TFOAMRI (n ¼ 115) 0.92 (0.47e1.82) 1.22 (0.74e2.01) 0.75 (0.40e1.38) 3.04 (1.86e4.98)
K&L  2 and TFOAMRI (n ¼ 38) 0.77 (0.17e3.57) 1.12 (0.33e3.76) 1.35 (0.44e4.10) 7.29 (3.15e16.87)
All ORs are adjusted for age and BMI; ﬁgure in bold are signiﬁcant with a P-value<0.001; ﬁgures in bold italic are signiﬁcant with a P-value<0.05 * reference: No K&L 2 and
no TFOAMRI.
D. Schiphof et al. / Osteoarthritis and Cartilage 22 (2014) 440e446 445the protocol, which had to be identical to the earlier cohorts in the
Rotterdam Study4. Themajority of the knees (72%) did not showany
sign of OA with neither an OAMRI deﬁnition not with the K&L
deﬁnition. For the remaining portion we found some discrepancies
between TFOAMRI and K&L scores; an osteophyte might have been
scored as deﬁnitive (grade 2) on the radiograph and as possible
(grade 1) on MRI. This may explain, in part, the difference between
the knees diagnosed with the K&L deﬁnition and the knees diag-
nosed with the TFOAMRI deﬁnition.
We used the PABAK to determine the inter-observer reliability of
the semi-quantitative scoring of the features of the MRI, because
the normal kappa statistic is affected by the distribution of data
across the categories13. In our population the prevalence of OA
features was low resulting in an uneven distribution of the data
across the categories; in addition, there were features that had zero
frequencies in certain categories. This is why the difference be-
tween the kappa and PABAK was sometimes large. In general the
reliability of the scoring is good. The reliability of the cartilage and
the BML/Cysts of the femur were moderate. In comparison with
other inter-rater reliabilities of other studies with semi-
quantitative scoring this is acceptable; (inter-rater reliability of
cartilage range k ¼ 0.36e0.85)20.
To summarize, the TFOAMRI deﬁnition detects more cases of
knee OA than the K&L deﬁnition. Together with a better content
validity and at least equal construct validity, we conclude that the
TFOAMRI deﬁnition for knee OA is more sensitive in detecting
structural knee OA and probably a better structural deﬁnition than
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